Some structural properties of the ENA of Plasmodium falciparum were studied thoroughly using several techniques. Its G+C content was found to be extremely low (17-19*), the lowest reported for a living organism. The ENA seems to be composed only of the four major bases as no methylated bases were detected. This ENA had a Tm value of 62.5°C and its denaturation profile showed no marked intramolecular heterogeneity.
INTRODUCTION
Human malaria, caused by the parasite Plasmodium falciparum, is a disease affecting hundreds of millions in many tropical countries. In spite of the extensive efforts made so far, no vaccination against this disease exists and chemotherapy is complicated by increasing drug resistance of the parasite.
It is only now, with the rapidly developing techniques of genetic engineering, that novel approaches can be attempted, trying to solve these global problems.
A basic requirement for the successful application of genetic engineering techniques is a better knowledge of the physical parameters of the ENA studied which in the case of P. falciparum is almost non existent. To our knowledge there is only one report (1) partially dealing with the physico-chemical properties of P. falciparum ENA, indicating a G+C content of 37%. This value is exceptionally high when compared to the low G+C content of 24% and 18-20% reported for rodent and avian malarial ENA respectively (1, 2) . This reported high value for the G+C content of the ENA of P. falciparum and its being identical to that of the host leucocyte ENA, prompted us to reinvestigate this point.
MATERIALS AND ICTHODS
P. falciparum cultures. P. falciparum was cultured in_ vitro in tissue culture flasks in RPMI 1640 medium (Gibco) supplemented with 10% human serum (blood group AB), 25mM HEPES buffer, pH 7.3, 0.2% NaHCOj and 50vg/ml gentamycin.
Normal blood group 0 human erythrocytes were added to a final concentration of 3%. Leucocytes were eliminated by passing washed fresh blood cells through a cellulose-powder column (3). Growth was initiated by innoculation of parasitized erythrocytes to a final 1% parasitaemia. The medium was changed daily for 4-5 days, at which time parasitaemias reached 20* and the cells were harvested. Leucocyte count at this point showed less than one leucocyte per 150,000 parasitized erythrocytes.
Preparation of free parasites. Cells were washed three times with PBS, sus- Restriction enzymes and restriction conditions. Restriction enzymes Msp I and Hpa II were from New England Biolabs. Restriction was performed at 37°C for lhr in a buffer mixture, recommended by the manufacturer. Restricted ENA was analyzed on 0.8% agarose (Seakem) gels.
RESULTS
The most commonly used techniques for determining ENA base composition are based on the finding that both density and thermal stability of ENA increase linearly with the increase in G+C content (4, 5) . Thus, once the density or the Tm of ENA is known, its base composition can be calculated (4, 5) .
We used these two parameters for calculating the base composition of P. falciparum ENA. In addition, for reasons described later, a direct chemical procedure was used.
Buoyant density of P. falciparum ENA. Previous density analysis of F^_ falciparum ENA (1) revealed the existence of two classes of DNA. One, constituting 5V of the total ENA, had a G+C content of 19% and was interpreted to be of mitochondrial origin. The second component, constituting 95% of the ENA and considered to be the ENA of the parasite, had a G+C content of 37%, which was identical to that of the host ENA (Aotus monkey leucocyte.)
In our hands, when DNA isolated from P. falciparum cultured in_ vitro, was subjected to neutral CsCl density centrifugation, a single peak was detected ( Fig. 1) . The density of this ENA was determined as described under Materials and Methods and was found to be 1.673g/cm 3 . Using the equation of De Ley (6), corrected for E. coli density of 1.7035g/an 3 (7), the G+C content of this DNA was calculated to be 19.3%.
Melting characteristics of P. falciparum DNA. The thermal stability of ENA is another parameter that can be used for calculating base composition.
In addition, this parameter can be indicative of the degree of intramolecular density and Tm is probably due to the non-linear relation between these two parameters at G+C values lower than 30% (6). In the most extreme case, both poly d (A-T)-poly d (A-T) and poly dA-poly dT have buoyant density and Tm values differing markedly from the expected ones (6) . Base composition analysis by HPLC. In order to get a more direct estimation of the base composition of P. falciparua ENA, the free bases, obtained after formic acid hydrolysis of the DNA, were analyzed by HPLC. This procedure, besides its accuracy, enables the detection of small quantities of minor bases if present in the INA.
The elution pattern of the free bases of P. falciparum ENA is shown in Figure 3 . The quantitative analysis, calculated from the peak areas and the molar absorption coefficient of the bases at 280nm, showed a G+C content of 17.2% which is in accordance with the value obtained by measurements of buoyant density.
Neither of the two minor bases, N -methyladenine (m Figure 3 . Separation by HPLC of the free bases obtained by acid hydrolysis of P. falciparum ENA. ENA sanyles were hydrolyzed by formic acid, dried and chromatographed as described in Materials and Methods. Peak areas were cut and weighed (14) and the molar fraction of each base was calculated according to the weight of the peak area and the molar absorption coefficient of the base. Thrice the quantity of ENA used for analysis of the major bases, was taken for analysing the methylated bases. Note the change in the sensitivity scale applied before the elution of the methylated bases. Ade, adenine; Cyt, cytosine; Gua, guanine; Thy, thymine; n^Cyt, 5-methylcytosine; m 6 Ade, N 6 -methyladenine.
prokaryotes (10) , the lack of m Cyt was somewhat unexpected, as it appears in almost all eukaryotic DNAs analyzed so far (11) . Partial confirmation of the lack of nr'Cyt in the ENA of P. falciparua was obtained by restriction analysis using the restriction enzymes Hpa II and Msp I. Although both enzymes recognize the same sequence (CCGG) , only Msp I cuts when the internal cytosine residue is methylated. Thus, by comparing the restriction pattern obtained by these two enzymes, it is possible to estimate the degree of methylation of the internal cytosine at the sequence CCGG. As can be seen in Figure  4 , Msp I and Hpa II yielded identical restriction patterns, indicating the lack of cytosine methylation at this site. Although only a small fraction of the total cytosine residues of the genome is assayed by this technique, the result can probably be extended to all cytosine residues for the following reasons: a) over 90% of the rn^Cyt residues are found in the sequence CpG (12) , which constitutes part of the sequence recognized by Hpa II and Msp I; b) there is a positive correlation between the degree of methylation of the CCGG site and the amount of methylation at CpG sequences in general (13) .
DISCUSSION
Our results, based on three different techniques, show that the ENA of P. falciparum has a very low G+C content, comparable to that reported for the CNA of rodent and avian malarial parasites (1, 2) . This result differs from the previously reported value of 37% (1), but is identical to the G+C content of the minor component observed by the same authors in their preparation of P. falciparum ENA. The discrepancy between the results is probably due to Figure 4 . Restriction analysis of P. falciparum ENA. ENA was restricted with Msp I and Hpa II and analyzed by agarose gel electrophoresis as described in Materials and Methods. The lanes include undigested DNA (3) and ENAs cleaved by Msp I (1) and Hpa II (2) . As expected from the low G+C content of this ENA, the degree of restriction by these two enzymes, both recognizing the sequence CCGG, is limited. the difference in purity of the free parasite preparations used for isolation of ENA. In this study, ENA was prepared from parasites cultured in_ vitro in human red blood cells carefully deprived of leucocytes, whereas the free parasite preparation used in the previous study was from infected Autos monkey blood and still had a considerable amount of leucocytes. It seems therefore that the reported G+C value of 37* was actually that of leucocyte ENA, whereas the minor component, which was considered to be of mitochondrial origin and had a G+C content of 19%, was the ENA of the parasite.
The possibility of a contamination of our cultures with an organism having a low G+C ENA was considered. The most common contaminant of in_ vitro cultures are several strains of mycoplasma which posess ENA having a low G+C content (15). This possibility was ruled out by the following controls: a) direct assay for the existence of mycoplasma, using the agar culture procedure (16), gave negative results; b) all mycoplasmal ENAs tested so far, were found to contain m 6 Ade (15), which did not occur in our ENA preparations (Fig. 3 ) and c) comparable restriction enzyme analysis of P. falciparum ENA and M. capricolum ENA (the lowest G+C containing mycoplasmal ENA we had in our hands, [15] ), using various restriction enzymes, revealed no similarity in the restriction pattern (data not shown) .
Another interesting feature of P. falciparum ENA is the lack of m 5 Cyt, a minor base found, with very few exceptions, in every eukaryotic organism. Although its function is not yet clearly understood, there is growing evidence showing that it plays a significant role in gene expression and differentiation (11) .
In this respect it will be of interest to find out whether this lack of methylation is characteristic to all the stages in the complex life cycle of the parasite.
